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(57) [Sil^j] 



(2) 

1 

im^m 3 ] msmmit:kmmv$>m^m i x« 
^^e^ite^ -c* s 11*^ 1 I ^ u 3 (Di^tm^ 1 « 
ilET 5 ymmio '>i=,i^b< itmi(or 5 yK*sggi 20 
Sfc©?:3- K-r*if^4ia*8©j»m 

BBfM©iB?iJ#-^ 1 fcjj^sti&T 5 yKie?iJ©8 30 
2 fi©H2 >*s 7 X -;UT ^ - > {ca^$ n/cJt^ >; :^ 

9^h-*3-K-r64>©-C*S> St*^ 5 f2lS©SS[ai^o 

>^fiS»^ae^-r*s^*« 1 fell 0 7©t»rn 
^j© ^ % 1 < «ais©T 5 ymmtgi osu < 

i^t. ^KttST5yKiB5>JtClgt<««i[©7 5 

^g{*i»A s n« L < «ffj)n$ titer s ^kib^j-c* ^ 4o 
r. ';**>^fiSiS5gritt*WTS4>©*n-h-r-5^ 

3j?«8iBt8©eS41J5. 

1 0 ] BflrtB';*:f>-^fse3^aG^-». is^ij 

«©iB?iJ#-^2 «:7iT34T,S7 5 y^iB^iJ^^- KT€)i« 
*9g§Bll(©SKm 

c»*^ 1 1 ] n^m 1 Jtci,^ 1 1 0 ©i^-rtiA^ i ji«c 
■rsci*ie)RS€.. *-'7^;i'-^>©*feS:^ra. 
[ 0 0 0 n 50 
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2 

tcj: 4* ^ f-;i''^>©^:)jffiRo^-?-nicffl(,>e>ni5g 

[000 2] 

[ffie*©j^j*5] *y-f ;i"^>itty->'?->'U7 > 

o-fvyu^>ilK:fie^fb^©*giR;-c*>^. ^<©a 
^©^ • ?e • Il<fc0»6n5#*4. fttt©^^>teJ:0'S 
ii©7xa't>©— a5^c<i;*i»i?>*i2>. *^f-;i"^>© 

> 4^S-r S C i »0IMSi*!^-?>SIWi©lg^©fc 
«f>©llD°a^«Sa«JOI3j%fe J: Of^#SlI©iai6Kic;ffl-C ^ 

[0 00 3 ] c©J:^^c, imw«:*ffl/j:*y7^;i/-x> 

jt{E^©*^f-.ii''^>^*i»^jie^^©t<^ < o^Hj^ 

5air*0 (Colby. S. M. , Alonso.W. R., Katahira.E. 
J., ItCavey, D. J., and Croteau.R. (1993) 4S-Limo 
nene Synthase fnomthe Oil Glands of Spearmint (Men 
thaspicata). 1. Biol. Chan. 268, pp. 23016-2302 

4). i'P-->ystirc»sfc©*>*s. \jiT'\jts.f(i 
c©J:5{ci'n-->y5n/c*/f-;u-^>-&fiEiS 

^ei^^isJEg-^t? ^^-^cia*Ji^t?;*^al?©^t£jS( 

[0 00 4] 

>?r+»^ca4«^ s:^Rc;f^©fc«)©j&Mf5fts»* 

[0005] 

$nfc!S4^*sK*^7=-Jl"<>*^t^ct,^©«> *y 

f-ji''^>©Birigi*-c*2)y7-;i' - >K©jsa3!i5?is 

i^-CgU^«ij3n/cCi35S$8^$txr(,^.S (mede, L. 
and Berger, U. (1989) Parcial purification and Pro 
perties of Cranyl Pyrophosphate Synthase from Lith 
ospermumerythrorhizon Cell Cultures. Archiv. Bioch 
em. Biophys. 273, 331-338) *>©©. y^-JWHV^ 

^h\t, C 1 5©7T;l'^'>;l'ru>^?:4)jS-r57r 



(3) 

3 

[0 006] tUt>%. *lfeHJ«> ^v-)^-*) I'Wi^ 
J; ij ^fiX? n S * ^ 7^ JU'^ > *«4-r 

[0 007] 

[000 8] ccr> y^-Jbzi'jvSt^fiSSmrgtt* 20 

^fiSt^iitf«ti^^^©*Ji6-r. ffe©e^«-ciif« 
nrc»aB^^*>s^sn&. TiB©siifiF!i-c 

13:> C 1 5 ©7 T )\'^ iy>\'~ >K?r^^-r 7 r 
1 CC7jT§iT,2»fittiB?IJ{3:. Bacillus stearothenmophilu 

[0010] y^-jm V >i^^fiXBffr«tt^wrS'i< 

^3tl-5T 5 ^KiEi?»J©^ % 1 < l3lg|S©T 5 

< «j«^© T 5 y B?*s»A 3 u < «f^^ra 3 n/cT 5 40 
cr. cn6©ig!i$a<£T©a«ie?ij«. ib^ijs^ik: 

fBt83nfcie«i2?iJi7 0%Ji(±. 3 6CC»SL<»9 
0%fe{±. $6«:«F$0<»9 5%Jlii±©tBigi4*Wl, 

mnm^ 1 -cinsn^t&sieyij^wrs^Kt. ;^ n v 

>*;x> F!&^fl:T(T^ct>%. 5 X Denharcft's reaqen 

t, 6 X SSC.O.SX SDSXttO.OX SDSil^ofc— )K6<J)^C/^ 

-f yyy-f-fef— >3>^?:fflCi-C5 0~6 5*C) ■C-'^ 50 



1^^2 00 0-245482 
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-fi/U^^-CXf •S4>©r*.5C<!:*W$tl<^ 

[00 11] c©j:^nc<gfi!pjt(E^©:ft(*e!liLr. ie 
5>j»#icc^3nsr5-/KiB?'J©8 2a©-b';>*J7 

fe© (3 K>tct:ASttctcggS3n/c«>©) ^rWiCi 

[0012] JW±3:)>6HJ6*^^cJ: $BjfflS«:*3t,> 
r rjte^j (Ti2©*^7^;i'^>-^fiESigafei^©ii 
^fci^si) i«. 35^©aeTo*^c6■r. cn«:A:Sy 
W{c^s*^Atfc4>©4>^$n5o rjte^^j 

«. DNA^RNA©J:^&^e!©*Ja:6-r> AIW^J 

[ 0 0 1 3 ] ^c*j. ie^j#^ 1 ■cmitii>^mmm^m 

T SSfi^-K. Bacillus stearotheniiophilus©y>'A 

(c^sn-cfef), i;/c. -e©^»i5?"J*5iEJiJ## 1 {Cm 

$*irt,i.S©-C. Bacillus stearothennophilus©y-^ 
A?:!^ i Uyt P C RIf tc J: ») g::l{cSISS-r S C i di-C 

[0 0 14] *^H^t?fflli6ni*^7-;l/-^>-^fSB^ 

aew. §Ta©*^7^Ji'-<>*^fiX^i>t-»-rti©Bis 

©jie7-r*ort>J;i,^ ccf. *y7^;U'<><fcL'-r 
t,^-rti©*>'f-ju-^>rfccfc< > m«> u** 

a-f4^>. /3-f:^>. 5;H2>ISE<&^lf 

[ 0 0 1 5 ] »S H^*^7^;l'-i>^RE^^ji{ST-i 1/ 
r. ie?iJ«©K?'J»^2{c^§nS7 5 yKie^U^rn- 

n2.r5-^^i2fijs*. ;^'^T5>f-fi*©';*^^>-^f!E 
K-r •5jie^©««E?iJt?&€.. i^cte^ iE?iJ##2{c.T^ 

§n.2)X--<7 5 > h © u >-^fiXS^jte^©^»E 

6$8^3nri,>S (Colby?). ±S) :5^'^T5>h©y* 

^^>^fij»*jiei^©iesE^jso*-?-n{c J; 0 3 - k $ 

[0016] *-^7^;l"<>^fiKB?S*3- KTSite^ 

iBfij#-^2tcjn3n57 5 y^ie^j©^% 1 

Sl/<»ai^©7 5^^^igmL/SU<(*^«:^0. xt* 

iST 5 ^i?ie?ij«: 1 < waii©7 5 yK*5Jf Asn 

«U<tJffJni3nA:7 5>'^?IJ-C*^r. *yf-;l''< 

>^fSB3gjStt«:Wr.5.fe©*3- K-r*aG^«>ffli^ 
5c<b*i-c*i. ccr, c^i6©<gfiiSjfie^©^SiB 

3«Jtt. i25>J»#2(CiBiSStifclS«ia?iJi 7 09<;W±. 
Se>{C»* L<»9 0%JU±. 3e>«:»S t<{S95% 
iiLh©til5ltt«:*l/ri>SCi*s«FSl/C». 



5 

tmmt. ;^ H';>i>:c>h/d:^Tcr^cto-^. sx 

Denhardfs reagent, 6 x SSC,0.5X SDSXltO.lX SOS 
50~65'C) v^^-<-:f<Jif-( Xti>i><OV$}i>Ctifi 

[0017] ^cte. se^j#^2-cii^$ti^iesie^j*w 

pcR {imm^rsimmmicidM} icj^'o^mm 
mti>ctf)i-cft6. 10 

[0018] ±l22Sffl(Djii2^^*»3i-<i'$-(ca^ 
tic tic J:*). fl5»K^8ft4!KJ«:ff C 4 *J 

io'r?iJS-ct.sga«:+^r*^.ii^{c»> ±122 « 

[00 1 9] fiJffl-C#.2.^3i-^i'a?-iL'-C«> zfu^ 
- i» -TiiStc* 6 o > ya5fiiK:}*A3 ti/ci1-*ii 

3i'^i'i?-». ^^ffliart-ca^-rs/<:»©fflsm';^. 
<!:, «iiNBiiart-c©?F*jtfi^©i63S*^ji}e«:-r57'o 

t6tcify<Dcl>tj: < i 1 -:)©$iM»«gi5{4<!:?:'J>ii< i 
4>*l/. 3 »Sl/<W> '<^'f-©jlW?:Blt6K: 30 

S 6 (cHM^iBiiffl©-^ f -t?». » S L < ttJ1-*jie 
^^©#A«fi^i7•ot-^r-©|ffl{CS DiSmW-TS. 

««®SiSi[^wcot,irs^©ii3i'<i' f -*5TtJiss 

nrii.S©T. ^n<3©rtTSS©^3a-^i'3'-4*^BJ{C 

[0020] ora. ^^ynmacj: o 

*-5TfeJ:t^ »*Lt»ffliS!i^!B3©0!liL-C. A« 40 
H. PseudomonaslS. Baci11usl3. ^ft. :<)^i:XI?%^Cf 

[0 0 2 1] ffJMiEfftaif'PSf*»c©»if«:fci^r)i^n 
[0022] ji5fi^»mij> rn^^fn^^ ^ ^ -©» 

S©*yf-;U'^>j£afeSl/-Cl»5i'n->?:SJRrSC 50 
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itcJrO. *f£B^©Jf5Me^ft?:Ji.2)Ci*5-CgfSo 
[0 02 3] ±ia©J: 5{C 0-Ct#6tl4}e«feaSlffi# 

Bftsj©*^f-;i'-«>i&inR-r5. m?m^ 

». «Sg»4!85RDffflt>fc|Bi'<i'i»-©tt!Hci£;D. 
[0 024] 

fe©r«*c». 

[0 02 5] 2-1 ;^^-T5>h*>6';**>-^fiEa 

rii<Dmm<D-mrj:^&j^m^mimt> o ©^c c ^ 

KSO. J.Sambrook6©^ffi (Sambrook, J., Fritsch, 
E.F., and Maniatis,T.(1989) Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor lab 
orator/. Cold Spring harbor, NY) tCSfofc. 
[0026] 2-1-1 h-tDlfrnDM^ 

WT©:^ffitc<fcf3. ^-f;^RNA?:iailO/Co 

1) &P^vmSbfdSimj::^^7 5 > h (Mentha spicat 
a)©l|50 ctirnrnXtl. jR<*glS?:J]n^&**6?L«T 

2) m^i2:^(DW ml ^(D^i^'SiCf^i-fXAtl. 7.5 
ml©fflfflffl/'«9 7T- (4.23M i'T-y^^^i'T*- 
h. 26.4 fflM i'X>K=:^ h 'J-iJA, 0.53% 

>, loomM 2->;i'*7"hx3f>'-;b) ?:liiAr!BS-r 
S. 

3) 4'C, 3,000 rpn, 10 ^it'C^^S. 

4) ±?»?:lC*©1.5inl S:©M'C^?-a-:?'{C^ttL. 4 
'C, 15.000 rpm, lO^jtiC^-r?*. 

5) ±»46*©3.S m1§©jffia-C»?3.-:/{Ci^L. Ctl 
K:iinl©RNA cusion (5.7M ^{b-fei^-^^A, 10 nW EDTA 

(pH8.o),o.aj6 i'x^-JUfa^-d^^- Kdepc))*)*^ 

6) 20 'C, 80,000 rpm, 2 I^WS't^l" 

8) it®^^400wl©0.156 Kf'^JHK^^ h 'J'i'A (SD 
S))«:^^L, S^a©^*^-;!/: i'DD*;UA (i:i) 
U^W.^1M^, l^<m-^ti, Sa,15,OO0rpin.3 

'C^L/. ±?9=&SiJ©5^a-:^{c^-r. 400 Mi©*-'- 

9) 40 /n©i^K:f h 'j-^A (PH5.2) i880 uWXit 

10) 4'C, 15,000 rpm, 155)-i®'C^T So 

m ±v9?rfer. 400 ttl©-20 •Cfft70%xif 
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15.000 rpm,3^^>i:^T^o 

12) xi?y-;i/?:^<|^t. it®^*40 mioo.i^pc 

13) lul^mMMbXfmmWm>o tfc. OD260 n 

[0027] 2-1-2 po1 v(A)" RNA(3[)iBS 

polv(A)'RNA<7)i^K^ioliqotGx-cfr 30 (super) (B*^ 

1) 1.5 ml §ii-(:^^:x-r^{C 12Mq/ 95x/ 1<D H - :$?Jl'R 
l^ieOO /ilCDoliqotex-crr 30 (super)* JO^. M<ti 

65 mmt^o 

2) ^^-cs ^^^^ffep-rSo 

3) 70M1CD 5M NaCl?:ftlAM<ig^U, 37 'CClO ^-f 

4) ^fi, IS.OOOrpm, 3 ^M*\jt6. 

5) ±?t?:BXOKtt. tmm^SQO /xlONS buffer (0.5 
MNaCI, O.-m SOS,0.VSyEPQVMM^^o ^<D^k. 37 

6) ^S, 15,000rpm. 3 ^JS^C^T-So 

7) ±»*B(D^*. Zt^iB9*200 /ilOO.156 DEPC4$ 

8) 65 "C'C5^^>=^^-^--h-r^o ^^^3 

9) ^M, IS.OOOrpm, 3 ^S^C^'T'So 

10) ±»^:Ih|iRU. 8),9)?:^^iiTo aMti200 /il(D 
0.156 DEPC€:^tPHiO'C!SML. |iIfil&C8),9)?:J*9ii 
•To 

n) ±rf^2[Hl:7xy-;l/ : ^np.l^;l/A}attlT€>o 

12) atilf^(D±mcc, 20 ui© /xlcDitM:^h»;'i?A 

(PH5.2) <!:440 U^(OX^ y --)l^m^. l^<M^t 
6. 

13) 4°C, 15,000 rpm, 15»^/C>*r^>o 

14) imit^X. 400 /ilCD-20 'C?ft705&X^y-;l.?:^D 

A. 4°C, 15,000 rpm,3^^^C^T^c 

15) X^y--Jl/^:^<^^, tZWt^^ 30 /Ul(D0.M)EPC 

[0 02 8 ] 2-1-3 cDNACD^^ 
cDNACD^^«ZAP-<:DNA Synthesis Kit (STRATAGENEtt 

1) 1.5 ml g^^C^^A--:/tC28Ml03.8 q mRN/^ig, 
5AZ10 lOx 1st strandbuffer, 3/x 1CD0— IB^ 

Fig^!g!l, 2 /xl<Dl.4Mg/ Ml© V >:^7-:/ 

"7 -(^ V- (5 '~CAGAGAGACAGAC^GAG^ACTACTCTGGAGI Mill 
IIIIIIIIIIII-3') , 7.5 /ilCDDEPC iaaH20, 1 M104 
Ounits/Ml CDRNase:/a y 'j ^ Ur--fe'PI* 

2) gsrio^HffiSL. y'v^-^-tmm^iM^xn 
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3) 3.5 MlCDilito^B^MvlLV-RTase (200 U///1 )?:Jjn 

4) 37 'cx'mm^y^:x-<-vri>o 

5) SJt»?g^C20 MlCOlOx2nd strand buffer, imiK^ 
^U^^KM^Iij, 108.2ul(7)H2O, 3.5 uKDRnase H 

(0.9U/M1), 10 MlODNA 7{<y^^--if(10 U/ul ) 

*tti^. i6'c'-r9o^-r>+A^-h*rSo ^©f^. /c 

/c'^^C>K*^Cg<o 
10 6) SitSStC 23 MlCOBluntinq dl^P mix, 2 u^0^n 
->^tPfu DNA y '5'---fe:'(2.5units/it/l)*JjnA. 
a<ig^L. 72 'CX30^m^ti>. 

7) ^atcML/. 200 il^ov:^.y-)V\ ^^P7^;^A 
(l:i)*ttl;i. a<fi^T-5o 

8) ^a, 15,000 rpm. 2 ^J^^C^f So ±?»?:»fJO^A 
-^tc^To 

9) ^fi©^nn;l-wbA4»n>t. m<fi^Tio 

10) ^ia, 15.000 rpm, 2 ^ii^t*rSo ±V»?rS»J<D^:x 

20 H) 20 /il03MftK:^h ';'^;A(pH5.2)i400 ai©x 

3?y-;b?:ma<ig^-r-5o -eof^. -20'Cr-i!ftS( 

g-rSo 

12) 4 "C, 15,000 rpm, 60 ^J^ii^C^^So 

13) ±?t*^T. 500 MlOSO % X^y-Jl/i&JjnA. 

^S, 15,000 rpm, 2 ^it^C^TSo 

14) x^y-;b^:M<BXOMt*. tt®i^*9 mICOEcori 
Adaptoi1^*g(CS)»-rSo COrt<DlMl?:RT-PCRO||^ 

[0 0 2 9] 2-1-4 PCRtC cfcS y ly^imX&^f' 
30 cDi^n-:^>^ 

1) x^T-^ > hT^^ef^PSL/ccDNA^^sccur. y 

v^ttfe(Hfrcroteau6CCj:o-r. :J7n-^>^Sn"C(.i 

sy^^>'&^iie-7-c7)y^^>^)Sg^*rj- Fur 

CiS5'^^S/-:i7X>X(DSi:7''^ >f S'^TCXCTCTC 
AAACrcrTAAGrG-3' t 3'^^- S.^^ V ^ ^ 
5'-TCATQCAAACGOCTCGAATAACJC^^^C-3•?:fflCiT^f-:> 

/Co 

40 2) PCRti^^CO^ffrtf o/Co PCRSCr43:94 °Cn5 #\ 5 
5 'C-e 2 74 •Ct?3(#?:32l/>f ^;l/rtf-:>/Co S 

(CgsJnO/Co :7*7-Yv--«site<J:O'S2*^n^n20 pmo 
1 ffll^/co iA?ci,«j^r5S?t>5imMK:/d:SJ:^tc3§ijnL 

/Co DNA^ y -7 -H2l*K0D DNAJj^ y ^ ^--{2 (TOVOBO C 
0.,LTD)?: 2.5*{4fflCi/Co cDNAt^l/il ffll^/Co PCR5 
l£;a?»H,OCCj:oT. :^a*50 MlCC|8SSl//Cp 
3) PCR5lS5!i^*?7U/ct^. 5 Ml ^riJu-)\^f)]^m 
50 ^^*86LrrcRM^?:fiii2L/Co 
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5) 40 jul (^)3M i^K:^ M; •t?A(pH5,2) iSSO /zl O 

6) 4"C, 15,000 rpm, IS^S'CnT^o 

7) ±?f4}tr. 400 At1O-20'C?^80 % x^y-;l'5:jjn 

4"C, 15,000 rpm, 3^Mi^t6o 

8) x^y--;b?:a<mO^*. tm^iis Ml <DH,0 10 

9) ^mim^WMtio 

10) aW(D7ttSCD>'OK«r:^5 VUt?^U9fflL. 1.5 
ml g^'C^^^-^^^C^L/, Microcon (Anicontt)J&ffll^ 

[0030] 2-1-5 pamm<D5' y >mit 

1) y;U?!)^6[5IiRL)fcDN^100 Ml^C. 58/il CDH20, 40 
:t^F + :^— fe* (10 unit/jul ) 4Jjn^. ig^l/. 37 20 

2) fcfcibdC. 70 "CriO ^>f > + :x-^- h LXB^^ 

3) 200 ulCDHjO^rJHlA. S6(C400 Ul ©7x>^- 
Sfi,15,000rpm, 3 ^jt^C^U. ±rf ^rglJ©^ >^tC^ 

4) 40 Ail (D3M h y »^A(pH5.2) <b880 ^^ <D 

6) 4°C, 15,000 rpm, IS^jt'C^T^o 30 

7) ±»?:fer, 400 iLilCD-20'C?&80 56 x^y-;U«:J!iD 

4°C, 15,000 rpm, 3^M^i:^*r^o 

8) X j?y-;UJS:M<BXOI^t. tt^^f^io /z1 CDH20 

[0 03 1 ] 2-1-6 ^-r^-v^a^teiO'h^VX^ 

1) K"^^^-{*pBluescript II SIC (STRATAG 

^-'\zmmor^^)>m.itbfci>(o^m^>tc. cn^rps 4o 

K/EcoRViBSTo 

2) ^cfj-ci.s ml ^i^i^9sL-:/ttCi |l^ Opsk/ecorv 

( 20 np), 5 ul CDy >®!{bL//cPCRgi^, cD liq 
ation hiqh aOYOBOflSl) ilKi^. 16 •C'C2 BSKISiS 

3) f^l^M^ClA u^ <DH,0. 10 uW 10 xKCM (IM KCl , 
0.3MCaClj, O.SMMqG,), 7 m(D30 %/1< y U> 

^^yn^;u3&m, m^ti. 

4) 100/LtlCDn>b*-f*> h*fflfa;^^MDH5a(Bethesda 
ResearchJriprfTSR) ^m^Xm^L. **20 ^fegf 50 



1*132 00 0-24548 2 
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5) ^fino ^jficHl-^o 

6) 1 ml ©IxLB ^m^m^. 37 'Cn B^H-f >+j^-^ 

7) 50 /iq/mlCDT>b*^>y >AOCDlxLB»^ 

[0 0 3 2] 2-1-7 y'y:^i¥<Dmmmfmmj^i> 

nax-^a^a:T?BX?). lo miA^^JOTVb'^yy >A 

OCDlKLBtgtftCcm. 37 "C-C-Sft^i^S^O/Co 

2) y'^y:^^ FCDiaK«r;U:^yffi^/ct3:wizard plasmi 
d preparation kit (PR0H€G^)5:ffllirtf o/c„ 

3) iSi{U/c:7'^X^ F«r^«ftfMS«rW»TL. « 

[0 033] 2-1-8 mmmiom. 

2) iSSL/Zcr^'-^X ^ Hi Dye terminator cycle sequen 
sing kit ( /^•-+>x;^v-ABIa) 

3) ->-^x>e^>^J5lJ;%tf':>/c1f>:7Vl'^^Genetic a 
nalyzer 310 ( >'^•- + >x;^v-ABIttS^ 

4) ^mbtci^mmmM&mmVryyh^:r.r Cene 
tix MAC ver.9(V7 h»t?XTiai£ (tt) tt) 

(±J§) 6tcj:»:)e7p-x>y$n/c;?;'-<r hoy 

[ 0 0 3 4 ] 2-2 y >^^i^Sr£ttc7)»J^ 

2-2-1 y^;^>^g^47•^x^ FcD«^ 

^y^x;l.x y >K^^;ig1--5>C <h7!^5|||^S«jCcmiS$n 
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[0035} Bacillus stearothennophilusCATCX:«fc 0 r(j 

IS. Sit#-^ATCC 10149):?5)^ 6. 7 r 'J >K 

^^S^iie^-(BSFPPs)^ill$(L'. T^'-^^X 5 KpwnsN 

-*i0SSL/to Cil\t. Koyama, T, , Obata, S., Osab 
e, M., Takeshi ta, A., Yokoyama, K. , Uchida, M., Ni 
shino, T and Oqura K. (1993) Thermostable Farnesyl 
Diphosphate Synthaseof Bacillus stearothermophilu 10 
s: Molecular Cloning, Sequence Determination, Over 
production, and Purification. 1. Biochem. 113, 355 
-363CctB*83n/c*StcJ:0tf-^ifco rtjif^^. Bad 11 
us stearothermophilus ATCC 1014907)^^ A D NA?:^ 
mtb. V'v^^-tbX'^Xm^n. ttj:t>%. 5*-GAG 
O^CGAOTAA0CG^VTGa:GCAGC^TCA-.3 'SO' 5 '-CGAGCATTAAAAG 
aTAACXX:CC0CCCrTC-3 ' i^t i 2 ®aCD:t »J =f ^ U :t 

L , il'ti S n/c BSFPPs^ ^ X 5 F pTVnSNCDNco I , Hi 

n6 1U^^\^^KhXmk^^^^- (pTVnSN+Wild-B 20 

SFPPs) ^WkLtc. f#6n/cBSFPPsCD^SiB?iJR?>*^ 

wzi^ Yti>m&r % ymsmimm(ow\m^ i 

[0 036] plV118N4WUtant-BSFPPsCD^S6«Kunkelffi 

tCj: or (CpTm8N4Wild-BSFPPs{Cai{4#M9^CC^^^ 
^A-rS^ffitCOCorf^Sn/c. Kunkel&tCffll^SI* 
h^bSnrrfjSSSn-Cl^SMutan K(SSii) * 

1. y'-^'X^ KpTyil8N4Wild-BSFPPs(i^^BCJ236 [F', 
dut-,unq-] (SfiiittSl^ttiOrlTIS) CC^AU 30 

^^Ut^ \^[my'^-('^-CS82f') S'-CATACCTACTTaTG 
ATrc:ATCATCAnTG-3'iT::.-y {COrfy A 

V-CC«if^082e[(D-fe y >Ta^^ X :^;l/T ::.>T 
TCCCg^$n^^M<b^^f*O^SfJ(D/cei^CCBspHI« 

hTCATGA^ilf U> h^Mr^A^nrt^ 40 

4. E.coli \m y:^--fe*<bT4 DNA^f<y^7— tf?:ffll^t: 

5. H^tMftSn/cDNA^rfflt^TE.Coli BMH71-18 mutS 

15N4Mutant-BSFPft). ftlMB^ BspHI^C J: T ^OW l/^ 

7. FCDBSFPPs^3--K-r>Slil|i(D:^^»ie^J 

^S(D^A©Wftl*5ii2U/c, ^(Om^. IS 50 



4$Pa2 0 0 0-245482 
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?d»-^2 tC^*rif5feMBSFPPs<D82{4CD-fe y >Ta7&i7 X 
::.;PT^::.>TTCK:g^§nr*sO. ffe©Se5J«iB^J# 
•^2iC>n-r3iOr*ofCo 
[0 03 7 ] pTm8N4Wild-BSFPPs J:C»TV118N4Muta 

nt-BSFPPs^^n^e^nz: @fiff^o»T^uKT^BSPvu iir 
WKL. cn*r:tfn-;;^y;usm8&L'T:. DNAKit 
*fJStL. BSFPPs*n^K-rS»rii*liliRL/Ce CCDK 
^t^^'^^X^ Fp/CYC184 (^S^I±B*S^--><£89rf: 
SS) (DScallf-/ FtCjfAL/c (C©^:^fajCDS^c-S-S 

J^0$lt[3lOtc#A3n/c:7-^X5 F^i-l*m:frii¥X 

m^m,t^mmx^ti^n^cfczr:>ozf^x% f«pa 

CYC1844Wild-BSFPPs-r, pACYC1844Wi 1 d-BSFPPs-1 , pACY 
C184+Mitant-BSFPPs-r, pACYC1844Mutant-BSFPPs-l t 

[0 03 8] ^XCc^n^n(D:7*^X^ F^AI^MDHSa 

CC^AL/Co cn6ff^siK»snA:A)ia^cy^:^>'^ 

^er-COjfASnfc:/^;^^ FpBluescript II SIC + 
limonene>&^Ab/Co fitoT. T^TCDAmMtiHaS 
Cr>:7''7>^ ^ F4«W-rSo n^FO-;^^^^:. pACYCl 
84-<i?^-iBluescript II SlC-^d? ^-©ZlOO:/^ 
X5 Fffll^rjg«lK»3n/cDH5a (TiS<DJ») 

/Co 

[0 03 9 ] Ctl6(DJgM$sM*«€n-en A^COHSa 
/pACYa844Wild-BSFPPs-r and pBluescript H SiC + li 
monene (CtD^^ti. AMMDH5a(DSftrt^C7'^;^ 5 

FpACYC1844Wild-BSFPPS-r<h:7*'^X^ FpBluescript II 

SK*+limonene^^^^rC^SC^^:ttt*r5. OT. 
I^li) ), BftCDHSa/ pi\CYC1844Wild-BSFPPs-r and pBl 
uescript II SIC), C^(DH5a/pACYC1844Wild-BSFPPs-l 

and pBluescript IISIC + limonene, D^(DH5a/pACYCl 
844Wild-BSFPPs-l and pBluescript II SIC .E^CDHSa/ 
p/\CYC184+Mutant-BSFPP5-r and pBluescript II SIC + 1 
imonene), Ftt(DH5Q:/pACYC184+Mutant-BSFPR5-r and p 
Bl uescript II SIC), G^(DH5a/p^CYC184+Mutant-BSFP 
Rs-1 and pBluescript II SIC +1 imonene) , H^CDHSa 
/pACYa84+IAjtant>-BSFPPs-l and pBluescript II SIC), 

I ^(DH5a/pACYC184 and pBluescript II SIC + limon 
ene), 3 tt(DH5a/pACYC184 and pBluescript II SIC) 

[0040] 2-2-2 y ^*>^^e*T 

y *:^>^^e^OS^tt<D5*«f«SteeleCD:^ffi(Ste 

ele, C.L., Crock. 3., Bohlmann 3., and Cnoteau, R. 

(1998) Sesquiterpene Synthases from GrandFir (Abi 
es qrandis). 3. Biol. Chem. 273, 2 078-2089) 5: #^ 

1) -85 '0^30% :5^y -fen -;b?gJg&CffiffUr:fel>/c. 
y^:^>4*tt:77y^^ F«:ffi^*r2>ABa^60Mq/m 
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20 B*rasg^s-rSo 

3) SQiM iprG«:iOMWJrab, 

4) 12 ml§(D^iC^^A-:/tC±SJ^:#L, 4'C, 3000 rp 

m, 5 ^jt'C^urftffi-rs, 

5) ^i4?:^r. S^?:20 mMTris-HCl (pH7.5)CCagii 

6) B<*4Unl <Z)ffl#aa8iaffl^'? y T - ( 20 inMMOPS 
0(pH7.0), EOTA, UnM DTT, 10 % (v/v)^'; -feU- 

7) mmii,s ml ifii'i:^^A--:/w:^U. 4 'C, 1500 

0 rpm, 20 ^M^t^^^c 

8) C<D±»?rfl}ttai^i<i:UT';'^:4^>-^fiS»«T>> 

9) V'&^P^T y^Z'< U:X(DZ. ii D CDSit^^S 
^rffiC^rtf o/Co 1. $??gg:^^^tl^n20 nW i8-b Kn 
+ S/-4-'t;b;J^ U >7'n>'0;:^;l'Jt:>|g: M0PSOCpH7.0), 
10%^U-fen-;U (v/v), 15 mM MgCI, , 1 nW DTT, 50 

/LtM[l-'H] y'7:^;U^y>|^ (GPP), 40 jui<?:>flfflffl 

20 mMMOPSO (pH7.0), 10%^ V -fe P (v/v), 15 mM 

MgClj , 1 mM DTT, 100 a Mt^^ ^;l'T U ;m U >^ (DM 

APP), 5 /iM[i-''c] >('y^>r^;L'z:';>^ (ipp), 
40 /ilCDMHi^, H^aClmlCCiSgpL/cSjEvSo 

10) StS?g«faDn<D+i' y :/©«C^/clO m1g;y^X 

11) 3o-cr3 mm^y^:^^-hti>o 

12) Iml (0^>^>^1M^. B,<M^L. ^S, 3,000 
rpm, 10 ^M^\j'i'^o 

13) f^i?). «£ffiP0i^WcJ$^^ u/ci ml 

•:?i^->ll >i^tCW®^Ovhffi:/l/- hKiesel gel 60F 
254 (^;b^a) 7&^?,S^BX':>/c>-y;^y;l'l9^i^7K 

To C(Dt/y>i^&C^.MS<D500 AtlO'^>:$?>/i*ftl 



Aa:yXi?DVh ^^:7GC-17AAFw VGr.3 
DB-VWX(0.53 mm X 30 m l.Ojixm) 
w-FID 

1.0 m 

:^7^Aiag 50 •C(an1n)-10 •C/min- 220(0 min) 
aAUiaS 200 'C 
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*t?o 300 uW^>^>HyV>iyiiClM^. Sia, 3,000 
rpm, 10 ^a^C^rSo 

14) ja^i:^^:x-^:rtc[pIiRSn/c^?g[?:. ?g[ft^t^>^U- 

[ 0 0 4 n 2-3 jifci^fflftx. Answ: J: s y > 
10 1) -85*cryy'fen-;i/^®tcfiiffor*4y't;^>* 

O'G^«100 M q/ml (D?&g(D7 > fS/ y >tect O'r h 

f->f y >A9<DL^?JJS«k«:a#^-ciii^br«g[ 

3rC-C-Bft|frg^«L/Co 

2) m-(DrJn::.-;S:Q^:5-CS(0. r>b*i/y>*jj: 
Or h'7lf>f^5'y>A»5lO mlC?)LB?Si*lgiaCCfflA. 37 

3) 500Ml(D^»^S?:ifLl^50 mlAD OLB^ifttcmtt 

g^. 0D600 mf)^ o.2(,crj:i,tV30 wmt^^mL 

20 /Co 

4) 100 mM IPTG4150 uDUDA. 3 6^130 'Cr3 BSffllg 

5) i^^^iSQ ml gCDM'l^Nlf^C^L/, 4 "C, 5,000 rp 

m, 5 ^®^l:^Lrliffll//co 

6) imimx. mmrAommr^-ss wmmm 

L/Co 

7) 2 ml <D'\E^'i :;yr'-^m^s MWiBMbfc, 

8) 2 mlCD 10 mq/m]<OVV^-J^ilM^. )i^^VlQ ^ 

30 9) 0.4 qCDNaCl5:Jja^. ^VUf* ^> ^ +1f-'C^< ii 

10) 2 ml(?)S?^PU^^>?:flD;i. 2 ^^)\^tv i^:^^ 

11) gfi. 3,000 rpm, 5 ^S^C^b/Co 

12) Til €2 ml g(DV>f iJ7n^^-:/CC5^L, 0,1 qfD 

13) m<^'C^bxmto. ^^^^)\^\^>^c^b. 

40 14) >'^''Yt;^b'>^c#L//ct^>7•;l/^^y7X^P•7 

[0 04 2] 2-4 y'^:;^>(D;^X^Pv^^^7:»Sr 



smaAffl 



(9) 
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«^ffigas 250 -c 

[ 0 0 4 3 ] 3 

BiittCA, c, E. G. I) (^v^e^^^fsmmimi^m^ 
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SEQUENCE LISHNG 
Sozoteki Seibutsu Koqaku Kenkyu.io Co. , Ltd. 
Method for Producing Monoterpene and Microorganism Producing the 



1$ga2 00 0-2 4548 2 
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4) ';^^>*^S«C ^*^S4>«< , ^^l^-CA, E. 
GCD)B^^«30i«*i-:>/c (03) , 
[0044] 

-C. cm^h"^ y7^)l^y^fSMMi:Mi\HbXir) vitro 

[0 045] 
[E?'M] 



[0046] 



<110> 
<L20> 
Same 
<130> 
<160> 

<210> 
<211> 
<212> 
<213> 
<400> 



99587 
8 

1 

894 
DMA 



Bacillus stearothermophilus 
1 

atq qcq caq ctt tea qtt qaa caq ttt etc aac qaq caa aaa eaq qcq 48 
Met Ala Gin Leu Ser Val Glu Gin Phe Leu Asn Glu Gin Lys Gin Ala 
15 10 15 

qtq qaa aca qcq etc tec cqt tat ata qaq cqc tta qaa qqg ccq qcq 96 
Val Glu Tlir Ala Leu Ser Arq Tyr He Glu Arq Leu Glu Gly Pro Ala 

20 25 30 

aaq ctq aaa aaq qcq atq qcq tac tea ttq qaq qcc qqc qqc aaa eqa 144 
Lys Leu Lys Lys Ala Met Ala Tyr Ser Leu Glu Ala Gly Gly Lys Arg 

35 40 45 

ate cgt eeg ttg ctg ctt ctg tec ace qtt egg geg etc gge aaa gae 192 
He Arq Pro Leu Leu Leu Leu Ser Thr Val Arq Ala Leu Gly Lys Asp 

50 55 60 

ccq qcq qtc qga ttq ece gtc gee tge geg att qaa atg ate eat aeg 240 
Pro Ala Val Gly Leu Pro Val Ala Cys Ala He Glu Met He His Thr 
65 70 75 80 

tac tet ttg ate cat gat gat ttg eeg age atq qac aac qat qat ttq 288 
Tyr Ser Leu He His Asp Asp Leu Pro Ser Met Asp Asn Asp Asp Leu 

85 90 95 

cqq cqc qqc aaq ccq acq aac cat aaa qtq ttc qqc qaq qcq atq qcc 336 
Arq Arg Gly Lys Pro Thr Asn His Lys Val Phe Gly Glu Ala Met Ala 

100 105 no 

ate ttg qcq qqq qac ggg ttg ttg aeg tac geg ttt caa ttg ate ace 384 



[0047] 



(10) 1fia2 0 0 0-2 45 48 2 

17 18 
He Leu Ala Gly Asp Cly Leu Leu Thr Tyr Ala Phe Cln Leu He Thr 

115 120 125 

qaa ate gac gat gag cgc ate cct cct tec gtc egg ctt egg etc ate 432 
Clu He Asp Asp Clu Arg lie Pro Pro Ser Val Arq Leu Arg Leu He 

130 135 140 

gaa egg ctg gcg aaa gcg gee ggt eeg gaa gqg atg gtc gee ggt eag 480 
Glu Arg Leu Ala Lys Ala Ala Cly Pro Clu C]y Met Val Ala Gly Cln 
145 150 155 160 

gca gee gat atg qaa qga qaq gqq aaa acq ctg acq ctt teg qaq etc 528 
Ala Ala Asp Met Glu Cly Glu Gly Lys Thr Leu Thr Leu Ser Glu Leu 

165 170 175 

qaa tac att cat cqq cat aaa ace qqq aaa atq ctq caa tac aqc qtq 576 
Clu Tyr He His Arg His Lys Thr Cly Lys Met Leu Gin Tyr Ser Val 

180 185 190 

cac qcc qqc qcc ttq ate qqc qqc get qat qcc cqq caa acq cqq qaq 624 
ms A1a Cly Ala Leu He Cly Gly Ala Asp Ala Arq Gin Thr Arq Clu 

195 200 205 

ctt qac qaa ttc qcc qcc cat eta qqc ctt qcc ttt caa att cqc qat 672 
Leu Asp Glu Phe Ala Ala His Leu Gly Leu Ala Phe Gin He Arq Asp 

210 215 220 

gat att etc qat att qaa qqq qca qaa qaa aaa ate qqc aaq ccq qtc 720 
Asp He Leu Asp He Clu Cly Ala Glu Clu Lys He Gly Lys Pro Val 
225 230 235 240 

ggc age gac caa age aac aac aaa gcg aeg tat eca gcg ttg ctg teg 768 
Gly Ser Asp Cln Ser Asn Asn Lys Ala Thr Tyr Pro Ala Leu Leu Ser 

245 250 255 

ctt gee ggc gcg aag gaa aag ttg gcg ttc eat ate gag gcg gcg eag 816 
Leu Ala Cly Ala Lys Glu Lys Leu Ala Phe His He Glu Ala Ala Cln 

260 265 270 

cgc cat tta cqq aac qcc qac qtt qac qqc qcc qcq etc qcc tat att 864 
Arq His Leu Arg Asn Ala Asp Val Asp Cly Ala Ala Leu Ala Tyr He 

275 280 285 

tgc gaa ctg gtc gee qcc cqc qac cat taa 894 
Cys Clu Leu Val Ala Ala Arg Asp His 
290 295 

<210> 2 
<211> 1800 
<212> DMA 

<213> Mentha spieata 
<40Q> 2 

atg get etc aaa gtq tta aqt qtt qca act caa atq qcq att cct age 48 
Met Ala Leu Lys Val Leu Ser Val Ala Thr Qn Met Ala He Pro Ser 
15 10 15 

aag eta aeg aga tgt ctt cea cec tea cac ttg aaa tet tct eca aaa 96 
Lys Leu Thr Arg Cys Leu Pro Pro Ser His Leu Lys Ser Ser Pro Lys 

20 25 30 

ttg tta tet age act aac agt agt agt egg tct cgc etc egt gtg tat 144 
Leu Leu Ser Ser Thr Asn Ser Ser Ser Arg Ser Arg Leu Arg Val Tyr 
35 40 45 



19 

tqc tec tec tcp 
Cys Ser Ser Ser 
50 

cct tct cqt tqq 
Pro Ser Arq Trp 
65 

qaq qaq qac aaa 
CTlu Clu Asp Lys 



aaq atq 
Lys Met 

ate qat 
lie Asp 

ttc aaa 
Phe Lys 
130 
aac cct 
Asn Pro 
145 

ttt aqq 
Phe Arq 

qac aqt 
Asp Ser 

qac act 
Asp Thr 

qaa qqc 
Clu C1y 
210 
ttq qaq 
Leu Clu 
225 

aqa ate 
Arq lie 

cca aat 
Pro Asn 

aat cca 
Asn Pro 

qca caa 
Ala Gin 
290 
act qqt 
Thr Gly 



qaa ttq 
Glu Leu 
100 
qac tta 
Asp Leu 
115 

qaa ate 
Glu He 

ttt cca 
Phe Pro 

etc etc 
Leu Leu 

ttc aaq 
Phe Lys 
180 
aaa qqa 
Lys Gly 
195 

qaa acc 
Glu Thr 

qaa aqa 
Glu Arq 

qca tat 
Ala Tyr 

qca cct 
Ala Pro 
260 
qta qtq 
Val Val 
275 

ttt caa 
Phe Gin 

ttt qtt 
Phe Val 



caa etc 
Gin Leu 

qat qtc 
Asp Val 
70 

cae qcq 
His Ala 
85 

qaq aaa 
Glu Lys 

caq aqq 
Gin Arq 

ttq tec 
Leu Ser 

aaa qaa 
Lys Clu 
150 

aqa qaa 
Arq Glu 
165 

aac qaq 
Asn Glu 

ttq ttq 
Leu Leu 

acq etc 
Thr Leu 

qtq aac 
Val Asn 
230 
tct ttq 
Ser Leu 
245 

qcq tqq 
Ala Trp 

ttq qaq 
Leu Glu 

qaa qaq 
Glu Clu 

qaq aaq 
Clu Lys 



act act 
Thr Thr 
55 

qaa ttc 
Glu Phe 

att aqq 
He Arq 

qaa acq 
Glu Thr 

atq qqq 
Met Gly 

120 
tct ata 
Ser He 
135 

qaa aqq 
Glu Arq 

eat qqt 
His Gly 

qaq qqt 
Glu Gly 

caa ctq 
Gin Leu 
200 
qaq tea 
Clu Ser 
215 

qaq qqt 
Clu Gly 

qac ate 
Asp He 

ate qaa 
He Clu 

ctt qce 
Leu Ala 
280 
etc aaa 
Leu Lys 
295 

ctq cec 
Leu Pro 



(n) 

qaq aqa 
Glu Arq 

ate caa 
He Gin 

qet tct 
Ala Ser 
90 

qat cat 
Asp His 
105 

ctq tec 
Leu Ser 

tat etc 
Tyr Leu 

qat etc 
Asp Leu 

ttt caa 
Phe Gin 
170 
qaq ttc 
Glu Phe 
185 

tat qaa 
Tyr Clu 

qcq aqq 
Ala Arq 

qqt qtt 

Gly Val 

cca ctt 
Pro Leu 
250 
tqq tat 
Trp Tyr 
265 

ata etc 
He Leu 

qaa tec 
Glu Ser 

ttc qca 
Phe Ala 



cqa tec 
Arq Ser 
60 

tec etc 
Ser Leu 
75 

qaq ctq 
Glu Leu 

att cqa 
He Arq 

qat cat 
Asp His 

qac cat 
Asp His 
140 
tac tec 
Tyr Ser 
155 

qtc qca 
Val Ala 

aaa qaa 
Lys Glu 

qct tec 
Ala Ser 

qaa ttc 
Glu Phe 
220 
qat qqc 
Asp Gly 
235 

cat tqq 
His Trp 

aqq aaq 
Arq Lys 

qac tta 
Asp Leu 

ttc aqq 
Phe Arq 
300 
aqq qat 
Arq Asp 



qqa aac tac 
Gly Asn Tyr 

cae aqt qat 
His Ser Asp 

qtc act ttq 
Val Thr Leu 
95 

caa ctt qaq 
Gin Leu Glu 

no 

ttc caq aat 
Phe Gin Asn 

125 

cae tat tac 
His Tyr Tyr 

aca tct ctt 
Thr Ser Leu 

caa qaq qta 
Gin Glu Val 
175 

aqe ctt aqc 
Ser Leu Ser 

190 
ttt ctq ttq 
Phe Leu Leu 
205 

qce ace aaa 
Ala Thr Lys 

qac ctt tta 
Asp Leu Leu 

aqq qtt aaa 
Arq Val Lys 

255 

aqq cec qac 
Arq Pro Asp 

270 
aat att qtt 
Asn He Val 
285 

tqq tqq aqa 
Trp Trp Arq 

aqa ttq qtq 
Arq Leu Val 



2000-245482 
20 

aac 192 
Asn 



tat 

Tyr 

80 

qtq 

Val 

ttq 
Leu 

qaq 
Glu 

aaq 
Lys 

qca 
Ala 
160 
ttc 
Fhe 

qac 
Asp 

acq 
Thr 

ttt 
Phe 

aca 
Thr 
240 
aqq 
Arq 

atq 
Met 

caa 
Gin 

aat 
Asn 

qaa 
Clu 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



(12) 



21 

305 

tgc tac ttt 
Cys Tyr Phe 

qca aqq ata 
Ala Arq lie 

gat att tat 
Asp He Tyr 
355 

qaa etc att 
Clu Leu He 

370 
tac atq caa 
Tyr Met Gin 
385 

tcq tac gat 
Ser Tyr Asp 

egg caa teg 
Arg Gin Ser 

tgg ttc tac 
Trp Phe Tyr 

435 

tea tgg cag 
Ser Trp Gin 

450 
ega qta aca 
Arg Val Thr 
465 

tac cac gat 
Tyr His Asp 

gat ctg gga 
Asp Leu Gly 

tea ctt cag 
Ser Leu Gin 
515 

egg aag eac 
Arg Lys His 

530 
gcg gag agg 
Ala Glu Arg 
545 

tgt gca gtt 
Cys Ala Val 



tgg aat 
Trp Asn 
325 
atg atg 
Met Met 
340 

gat gtc 
Asp Val 

eqg aqa 
Arg Arg 

ctg tgc 
Leu Cys 

gtt atg 
Val Met 
405 
tgg gtg 
Trp Val 
420 

ggc gga 
Gly Gly 

teg ata 
Ser He 

gat tcq 
Asp Ser 

tta gtt 
Leu Val 
485 
acc tcq 
Thr Ser 
500 

tge tac 
Cys Tyr 

gtg aaa 
Val Lys 

gtg teg 
Val Ser 



gat tta 
Asp Leu 
565 

gat ggg cac ggc aca 



310 

act ggg 
Thr Gly 

ggc aaa 
Gly Lys 

tac qgc 
Tyr Gly 

tqq qat 
Trp Asp 
375 
ttt Ctt 
Phe Leu 
390 

aag gag 
Lys Glu 

gat ttg 
Asp Leu 

cac aaa 
His Lys 

agt ggg 
Ser Gly 
455 
ttc aca 
Phe Thr 
470 

cqc tqq 
Arg Trp 

qtq qaa 
Val Glu 

atg agt 
Met Ser 

tgg ctg 
Trp Leu 
535 
aag gat 
Lys Asp 
550 

gga agg 
Gly Arg 



ate ate 
He He 

gtc aac 
Val Asn 
345 

acc tta 
Thr Leu 
360 

ata gac 
He Asp 

qca etc 
Ala Leu 

aaa ggc 
Lys Gly 

gcg gat 
Ala Asp 

425 
cca agt 
Pro Ser 
440 

ecc tgt 
Pro Cys 

aag qaq 
Lys Clu 

tea tec 
Ser Ser 

qaq qtq 
Glu Val 
505 
gac tac 
Asp Tyr 
520 

ata gcg 
He Ala 



315 
gag cca 
Glu Pro 

330 

get ctg 
Ala Leu 

gaa gaa 
Glu Glu 

tea ate 
Ser He 

aac aac 
Asn Asn 
395 
gtc aac 
Val Asn 
410 

aag tat 
Lys Tyr 

ttg gaa 
Leu Glu 

atg tta 
Met Leu 

ace qtc 
Thr Val 
475 
ttc qtt 
Phe Val 
490 

aqe aqa 
Ser Arg 

gat gca 
Asp Ala 

gag gtg 
Glu Val 



tet cca ttt gqc 
Ser Pro Phe Gly 

555 

atg qcg cag ttg 
Met Ala Gin Leu 
570 

caa cat cct ata ata cat 



egt cag 
Arg Gin 

att acg 
He Thr 

etc gaa 
Leu Glu 
365 
gac caa 
Asp Gin 
380 

ttc gtc 
Phe Val 

gtt ata 
Val He 

atg gta 
Met Val 

gag tat 
Glu Tyr 
445 
acg cac 
Thr His 
460 

qae aqt 
Asp Ser 

ctq eqq 
Leu Arg 

gqc qat 
Gly Asp 

teg gag 
Ser Glu 
525 
tgg aag 

Trp Lys 
540 

aaa gat 
Lys Asp 



cat gca 
His Ala 
335 
gtg ate 
Val He 
350 

caa ttc 
Gin Phe 

ctt ecc 
Leu Pro 

gat gat 
Asp Asp 

ecc tac 
Pro Tyr 
415 
gag gca 
Glu Ala 
430 

ttg gag 
Leu Glu 

ata ttc 
He Phe 

ttq tac 
Leu Tyr 

ctt qet 
Leu Ala 
495 
qtq ecq 
Val Pro 
510 

gcg gag 
Ala Clu 

aag atg 
Lys Met 

ttt ata 
Phe He 



1$P§2 0 0 0-2 45 48 2 
22 

320 

agt 1008 
Ser 



atg tac eat aat 
Met Tyr His Asn 
575 

caa caa atg acc 



gat 

Asp 

aca 
Thr 

qat 
Asp 

aca 
Thr 
400 
ctg 
Leu 

egg 
Arg 

aac 
Asn 

ttc 
Phe 

aaa 
Lys 
480 
gac 
Asp 

aaa 
Lys 

gcg 
Ala 

aat 
Asn 

qpa 

Cly 
560 
PPa 
Gly 

aga 



1056 



1104 



1152 



1200 



1248 



1296 



1344 



1392 



1440 



1488 



1536 



1584 



1632 



1680 



1728 



1776 



(13) 1$ga2 00 0-2 45 48 2 

23 24 
Asp Cly His Gly Ihr C\n His Pro He He His Gin Gin Met Thr Arg 

580 585 590 

acc tta ttc gag ccc ttt gca tga 1800 
Thr Leu Phe Glu Pro Phe Ala 
595 

[0048] 

<210> 3 
<211> 50 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> linker primer used for preparing cDNA of Mentha spicata 
<400> 3 

gagagagaga gagagagaga actagtctcg agtttttttt tttttttttt 50 

[0 049] 

<210> 4 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for amplifying by rcR limonene synthase cDNA from Men 
tha spicata 
<400> 4 

atggctctca aagtgttaag tg 22 

[0050] 

<210> 5 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for amplifying by PCR limonene synthase cDNA from Men 
ttia spicata 
<400> 5 

tcatgcaaag ggctcgaata aggttc 26 

[005 1 ] 

<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer used for introducing mutation to famesyl diphosphate synt 
hase by site-specific mutagenesis 
<400> 6 

catacgtact tcttgattca tgatgatttg 30 

[0 052] 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 



[0 053] 



(14) !|$ig2 00 0-24548 2 

25 26 
<223> primer used for amplifying farnesyl diphosphate synthase gene fro 
m Bacillus steanothennophilus 
<400> 7 

qaggaggagt aagccatggc gcagctttca 30 



<210> 
<211> 
<212> 
<213> 
<220> 

<223> primer used for amplifying farnesyl diphosphate synthase gene fro 
m Bacillus steanothennophilus 



8 

30 

DMA 

Artificial Sequence 



<40a> 8 

cgaccattaa aagcttaacg cccgcccttg 



30 



[02} 



m3] 



0. 



2500 
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^ 1500 
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(15) 
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pTV1 1 ShUwiM-BSFPPb pTVl 1 BN+Mutant-BSFm 





S««(llj^mW^Em^fiKi:Tgi5Sii6(Z) 
3 



F ^ - A 4B024 MOl M07 BAIO BA80 CA04 

CA06 DA06 EA04 GAll HAOl 
4B064 ABOl ACOl CA02 CA19 Ca4 

DAOl DA12 
4B065 AA18V AA26X AASSY ABOl 

AC14 BA02 CA03 CA29 CA44 

CA47 



